This study utilizes both disaggregated data and macroeconomic indicators in order to examine the importance of the macroeconomic environment of origin countries for analysing destinations' tourist arrivals. In particular, it is the first study to present strong empirical evidence that both of these features in tandem provide statistically significant information of tourist arrivals in Greece. The forecasting exercises presented in our analysis show that macroeconomic indicators conducive to better forecasts are mainly origin country-specific, thus highlighting the importance of considering the apparent sharp national contrasts among origin countries when investigating domestic tourist arrivals. Given the extent of the dependency of the Greek economy on tourism income, but also, given the perishable nature of the tourist product itself, results have important implications for policy makers in Greece.
Introduction
The literature has long established the importance of tourism demand forecasting. The consensus is that forecasting tourist arrivals is necessary for tourism planning, policy decision making, as well as, budgeting issues by tourism operators, especially due to the perishable nature of tourism (see, inter alia, Uysal and O'Leary, 1986; Law and Au, 1999; Law, 2000; Chandra and Menezes, 2001) . From a macroeconomic point of view, destination's infrastructure and promotion require substantial investment and thus an estimate of the destination's future tourism demand is essential in order to safeguard a positive return on investment. From a microeconomic point of view, forecasting tourism demand is an important tool for the firms that operate in the sector, such as airlines, tour operators, hotels, etc. Finally, tourism forecasting is also necessary as a governmental tool for policy decisions which aim at accelerating economic development that is particularly crucial for countries that heavily depend on tourism income (Goh and Law, 2002; Cho, 2003; Palmer et al., 2006; Song and Witt, 2006; Gounopoulos et al., 2012) . Given that important business decisions are based to a great extent on expectations about future market conditions, better ways of forecasting could steer both public and private decisions to more efficient and effective paths; thus, benefiting the country as a whole.
Our analysis of tourism demand puts heavy emphasis on the employment of a broader set of macroeconomic indicators of origin countries. Although there have been studies to investigate tourism demand by country of origin (see, among others, Nicolau and Mas, 2005a,b; Wang et al., 2006; Rudez, 2008; Lim et al., 2009; Alegre et al., 2010) most of these studies have mainly focused on income of the origin country or/and on the relative price levels (i.e. a relatively narrow set of macroeconomic indicators of origin countries). At the same time, none of these studies has incorporated such a set of macroeconomic indicators specifically for the purposes of forecasting tourism demand. In this study, we argue that employing a variety of macroeconomic indicators might, in fact, lead to a better understanding of the forces that drive decisions in origin countries, as well as, improve the forecasting of tourism demand in destination countries. This is in line with Song et al. (2011) who argue in support of the development of models which incorporate a broader set of explanatory variables to explain the dynamics that drive tourism demand. Another key aspect of this study is that contrary to existing endeavours which have mainly 4 concentrated on producing forecasts of tourism demand using a Vector Autoregressive (VAR) framework, it employs the SARIMA-type models which according to recent relevant literature tend to generate superior forecasts.
In turn, the contributions of this paper are described succinctly. First, we employ a country-of-origin approach in order to forecast tourism demand in Greece.
Second, we forecast tourism demand based on both aggregated and disaggregated data on inbound tourist arrivals, using SARIMA-type models and we augment this specification by employing macroeconomic indicators of origin countries as explanatory variables. The present work constitutes an extension of existing literature in this area, as it is the first to employ both disaggregated data and macroeconomic indicators in tandem for the purpose of forecasting tourist arrivals.
Our forecasting exercises show that investigating tourism demand in Greece by considering macroeconomic indicators by country of origin offers an additional tool to decision makers (such as tourism policy makers and tourism providers in Greece) as it informs their practices and improves their forecasts. From a technical perspective, based on the Diebold-Mariano test, we show that the SARIMA specification which uses both disaggregated tourist arrivals data and macroeconomic variables does provide statistically significantly better forecasts compared to the SARIMA specification based on the aggregated tourist arrivals data. Results are very important, considering the perishable nature of the tourist product which renders necessary the choice of the best model to forecast tourist arrivals. In effect, this study serves as a new tool to policy makers and tourism businesses on how they should assess the macroeconomic developments in the tourism origin countries when planning the Greek tourism strategy and predicting future tourism earnings.
The rest of the paper is structured as follows. In section 2 we present a brief review of the existing literature. Section 3 describes the data, whereas Section 4 illustrates the forecasting models and provides a detailed explanation of the forecasting estimation procedure. Section 5 describes the adopted forecasting evaluation method. Section 6 analyses the empirical findings, before Section 7 concludes the study.
Brief review of the literature
It falls beyond the scope of this study to offer an extensive review of the related literature. However, it would be instructive at this point to overview certain 5 key aspects raised in previous studies in order to position our research in this crowded literature. To this end, in the following paragraphs, we outline succinctly considerations which are mainly associated with the type of data, the model and its specification.
To begin with, we approximate tourism demand by tourism arrivals (i.e. in line with authors such as Dharmaratne, 1995; Smeral and Weber, 2000; Law, 2000; Burger et al., 2001; Lim and McAleer, 2001a,b; Song and Witt, 2006; Athanasopoulos and Hyndman, 2008; Shen et al., 2011; Gounopoulos et al., 2012) .
Furthermore, contrary to the majority of the existing literature and yet in accordance with authors such as Kim and Moosa (2005) and Wan et al. (2013) , we employ disaggregated data to forecast tourism demand as we also believe that this approach could provide policy makers with more detailed and diverse information.
Turning to the type of models employed by existing literature, we observe that not a single model is preferred. In fact, a battery of different models has been applied, Despite the non-consistent findings in terms of the best performing model used to forecast tourism demand, it seems that the most widely used and successful are the ARIMA-type models. Furthermore, one specific version of the ARIMA models, that of Seasonal ARIMA (SARIMA), has attracted considerable attention over the years due to its good performance which can be attributed to its ability to capture the seasonal character of tourism demand variables (see, indicatively, Song and Li, 2008; Brida and Risso, 2011; Hadavandi et al. 2011) .
Next, we concentrate on studies which employ macroeconomic indicators in their analysis of tourism demand. It should be noted that a remarkable number of 6 studies concentrate on the impact of macroeconomic indicators of origin countries on tourism demand at destination countries. For its most part though, literature in this field has focused on demand factors and especially income (see, among others, Nicolau and Mas, 2005a,b; Wang et al., 2006; Rudez, 2008; Lim et al., 2009; Alegre et al., 2010) . This is mainly due to the fact that tourism is regarded as a luxury good and as such, it is expected to be heavily dependent on income (Chatziantoniou et al., 2013; Wang, 2014) . In short, the main finding of all these studies is that the level of income appears to exert a significant influence on tourism expenditure. et al., 2013; Colombo, 2013; Kang and Ratti, 2013; Pastor and Veronesi, 2013) . By considering this relatively extensive set of macroeconomic indicators which could potentially influence inbound tourism demand, we aim to produce more accurate forecasts regarding inbound tourist arrivals in Greece from seven key origin countries.
Data description
In this study we use monthly tourist arrivals in Greece from seven key origin Figure 1 suggest that, on average, for the study period, tourist arrivals in Greece from the chosen countries of origin contribute about 43% of the total tourist arrivals. This figure is even higher during the peak months of Greek tourism (i.e. from June until October) when the contribution of these countries to the total tourist arrivals fluctuates between 45% and 61%. These values signify the importance of these seven countries to the Greek tourism sector. Country-wise, we observe that Greece mainly attracts tourists from France, Germany, Italy and the UK.
Furthermore, Table 1 , has a statistically significant autocorrelation pattern. In particular, the autocorrelation analysis confirms the existence of statistically significant autocorrelation and partial autocorrelation 7 ;
i.e. Box and Jenkins (1970) , Box et al. (2008 ), Brockwell and Davis (2009 ), Ljung and Box (1978 . Furthermore, the unit root tests show that the log-differences of monthly tourist arrivals are stationary. This holds for both the aggregate data, as well as, the disaggregated data by origin country. Therefore, the most appropriate model for the estimations is a SARIMA-type model. 
Models' Specification
The purpose of this study is the evaluation of the forecasting accuracy of three different model specifications (i.e. forecasting exercises). First we forecast total tourist arrivals in Greece from the seven origin countries based on aggregate data (first specification). Next we forecast total tourist arrivals from these countries based on the disaggregated data by origin country (second specification). Finally, we forecast total tourist arrivals based on the disaggregated data by origin country and exploiting the predictive information provided by the exogenous macroeconomic variables (third specification).
The statistically significant autocorrelation pattern, the seasonality of the monthly data and the first-order integrated character of logarithmic transformation of 10 tourist arrivals are best described by a SARIMA   
. In total, 81 variations of the
model are estimated recurrently at each month for the out-ofsample period 9 .
The incorporation of exogenous information (inclusion of macroeconomic variables) is utilized with the estimation of SARMAX  
models, where X denotes the use of exogenous variables. The SARMAX models combine the autocorrelated and seasonal pattern of log-tourist arrivals with the information extracted exogenously from the macroeconomic variables. Therefore, we estimate a set of
model are estimated recurrently at each month for the out-of-sample period. Thus, in total 405 SARMAX specifications are estimated for each of the h =89 out-of-sample months.
Seasonal Autoregressive Integrated Moving Average Model
The Seasonal Autoregressive Integrated Moving Average Model with orders (
(1) 8 The k and l denote the number of lags for the autoregressive and the moving average polynomials, respectively. The k * and l * denote the number of lags for the seasonal autoregressive and the seasonal moving average polynomials, respectively.
9
The certain parameter ranges of AR and MA orders for both seasonal and non-seasonal components rely on methods of orders' selection (Schwarz's, 1978 and Akaike's, 1974 information criteria) and correlogram diagnostics. We use the information criteria in order to set the upper bounds for the ranges of the dynamics included in the models. 10 Originally the model is denoted as SARIMA(
), but for simplicity we have removed the zero term. The proposed framework can be defined either as a SARMA specification for the
or as a SARIMA specification for the dependent variable t y log . In the latter case, the models can be stated as SARIMA with integrated order I(1), or SARIMAX(
The log transformation stabilizes the variance of t y , thus, it is preferred; see i.e. Lütkepohl and Xu (2012) . The models' integration order is set to 1. For higher order of integration the forecasting accuracy deteriorates significantly.
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where
are parameters for estimation, and
The one-month-ahead tourist arrivals prediction by a SARIMA( 
is log-normally distributed, therefore the one-month-ahead tourist arrivals prediction is adjusted as
Seasonal Auto-Regressive Moving Average Model with Exogenous Variables-

SARMAX(
The Seasonal Autoregressive Moving Average Model including exogenous variables with orders( l k, ) and ( The one-month-ahead tourist arrivals prediction by a SARMAX( 
For example, the forecast from the SARMA(1,1)(0,1) model is computed as: 
Forecasting Total Tourist Arrivals (SARIMA Specification)
The SARIMA(
specification is used to forecast the total number of tourist arrivals from the seven origin countries under investigations. Equation (1) 
Forecasting Tourist Arrivals per Origin Country (Composite SARIMA
Specification)
specification is used to forecast the number of tourist arrivals from each of the seven origin countries separately. Equation (1) 
Evaluation Framework
In this study we use two forecasting evaluation criteria, which are computed in the following form:
Predicted Root Mean Squared Error: 
where 1 | 1  t y denotes the one-month-ahead forecast of tourist arrivals, and h is the number of months in the out-of-sample period.
In addition, the statistical significance of the forecasts is investigated by the 14 criteria of two competing models; i.e. models A and B. Diebold and Mariano (1995) proposed testing the null hypothesis,
, that two models are of equivalent predictive ability against the alternative hypothesis,
, that model A is of superior predictive ability compared to its competitor model B. The DM statistic for testing the null hypothesis is estimated as:
The average of evaluation differential is 

is computed as
, where
is the spectral density of the loss differential at frequency zero.
The DM statistic is approximately normally distributed for large samples of out-ofsample predictions, h . The DM statistic is also estimated as the standardized constant coefficient from regressing A negative sign of the DM statistic informs that model A is more accurate compared to model B. The p-value informs about the statistical significance between the forecasting accuracy of the competing models.
Empirical Findings
We consider the forecasting performance of three different model specifications, as described in Sections 4.3 to 4.5. Table 2 reports the results from the RMSE and MAEforecasting evaluation criteriafor each specification. Table 2 is the fact that there is not a single macroeconomic variable that significantly improves the forecasting ability of the models. In fact, we observe that this is country specific, as for example, the best composite SARMAX specification for Canada is the one that include the consumer confidence index, whereas the best specification for Spain is the one that incorporates the industrial production index. As aforementioned, the null hypothesis of the DM testis that two models are of equivalent predictive ability, whereas the alternative hypothesis is that model A is of superior predictive ability compared to its competitor model B.
In all cases and for both loss functions the DM statistic in negative, implying that model A generates better forecasts than model B. Nevertheless, not all differences are significant. In particular, the tourist arrivals forecast from the composite SARIMA specification is not statistically more accurate compared to the SARIMA forecast. In addition, the tourist arrivals forecast from the composite SARMAX specification is not significantly more accurate compared to the forecast from the composite SARIMA specification. However the most important finding is that the forecast of tourist arrivals from the composite SARMAX specification is statistically more accurate compared to the forecast from the SARIMA specification. Therefore, the DM statistics and their associated p-values reveal that the inclusion of economic 13 Typical in forecasting studies is the comparison of candidate models with simple benchmark models; i.e. with/without drift random walk model, 1 st order autoregressive model, etc. In our study, the forecasting ability of the naive benchmark models is statistically inferior. The results are available upon request. 
Concluding remarks and policy implications
The aim of this study is to forecast, using SARIMA type models, the onemonth ahead tourist arrivals in Greece based on aggregate tourist arrivals data, More specifically, in this study we first forecast total tourist arrivals in Greece from the seven origin countries based on aggregate data (SARIMA specification).
Then, we forecast total tourist arrivals from these countries based on the disaggregated data by origin country (composite SARIMA specification). Finally, we forecast total tourist arrivals using the disaggregated data and incorporating exogenous macroeconomic variables (composite SARMAX specification).This is the first study to assess the forecasting accuracy of each SARIMA specification using the Diebold-Mariano test, based on two forecasting evaluation criteria, i.e. Predicted Root
Mean Squared Error (RMSE) and Predicted Mean Absolute Error (MAE).
Prominent among the findings of the study is the fact that the origin of tourist arrivals is indeed a crucial factor when it comes to forecasting tourism demand. To be more explicit, results show that in each origin country, there is one single macroeconomic indicator which eventually stands out and can be conducive to better forecasts, while at the same time, this indicator may in fact vary among origin countries. In this regard, we note that the consumer confidence index is important for producing better forecasts in Canada and the UK. By the same token, the price level is important for France and Germany, income is important for Italy and Spain, while economic policy uncertainty is important for the US. Thus, this study stresses the importance to incorporate a strenuous set of macroeconomic indicators by origin country as this apparently leads to better forecasts and better decisions.
Considering Greece, this finding is associated with several layers of analysis. Third, given that outbound tourism factors are country-specific; this finding further exposes the necessity for policy makers to diversify their sources of tourism, as well as, their promoting activities. For example, given that price levels are important in terms of predicting tourist arrivals in Greece from France and Germany, high levels of inflation within the EMU should be accompanied by an effort from policy makers in Greece to convince potential French and German tourists that Greece can be a relatively low-cost destination. It should be noted however, that adopting the appropriate strategy is not always as straightforward as in the case of relative prices.
To illustrate this point, we refer to our results for Italy and Spain. In particular, we find that the industrial production index in both countries is a key factor in producing better forecasts regarding tourist arrivals in Greece. A worsening of the industrial production index might lie on more persistent unfavourable developments in an economy -compared to a rise in the level of prices, which can be temporarysuggesting that policy makers in Greece will probably not be able to successfully attract tourists from these two countries by simply offering more competitive prices.
However, this reverts back to our initial argument that diversifying the sources of tourism and/or promoting activities should indeed be a cardinal strategic objective.
Turning to the forecasting method itself, our forecasting exercises show that the composite SARMAX specification does provide statistically significantly better forecasts compared to the SARIMA specification. This finding holds for both loss functions. Another important finding that is reported in this study is the fact that there is not a single macroeconomic variable that significantly improves the forecasting ability of the models. In fact, the best variable is country specific; as for example, the best composite SARMAX specification for Canada is the one that includes the consumer confidence index, whereas the best performing specification for Spain is the one that incorporates the industrial production index.
Tourism is a key economic activity in Greece and a major source of domestic income with direct implications regarding its influence on the country's overall growth potential. This fact underscores the necessity for accurate tourist arrivals forecasts. The tourist product has a perishable nature and therefore, the choice of the best model is of major importance. Thus, our findings have important implications when it comes to developing the appropriate tourism strategy plan.
In retrospect, policy makers do produce better forecasts by considering disaggregated data and macroeconomic indicators. Furthermore, identifying key macroeconomic indicators in each origin country allows for both a better understanding of country-specific issues concerning demand for outbound tourism and a better targeting of promoting efforts concerning the tourism product of the destination country. Most importantly, this study provides evidence that it is important for destination countries to diversify their sources of tourism to account for the different factors that may impact tourist arrivals levels.
Potential avenues for future research could also include other types of disaggregation of inbound tourist arrivals by mode of travel or duration of stay, as these choices may be also impacted by the macroeconomic conditions in origin countries. What is more, future studies should further concentrate on the formulation of models which purport to combine many macroeconomic indicators in their structure. On a final note, apart from specifically focusing on one-step-ahead 1,600,000 2,000,000 0 400,000 800,000 1,200,000 1,600,000 2,000,000
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